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I  feel  some  diffidence  in  bringing  before  the  Association  a  sub- 
ject that  seems  so  purely  to  belong  to  analytical  chemistiy  as  this. 
But  every  educated  pharmacist  is  more  or  less  of  a  chemist,  and  is 
frequently  called  upon  to  solve  just  this  question.  If  he  attempts 
to  look  up  the  subject  in  the  books  he  soon  becomes  bewildered ; 
for  with  the  single  exception  of  Mr.  Wanklin  no  writer  on  the  sub- 
ject has  ever  laid  down  plain  and  easily  followed  methods  for  the 
analysis  of  this  important  fluid,  but  each  author  seems  to  have 
pinned  his  faith  upon  some  one  particular  determination  to  prove 
the  purity  of  the  sample  in  question. 

Three  or  four  years  ago  I  was  led  to  investigate  the  methods  of 
analysis  of  milk  from  the  fact  that  I  was  sometimes  called  upon  to 
give  my  opinion  of  a  sample  of  milk  in  court.  As  the  result  of 
my  investigations  I  wTas  led  to  adopt  the  following  method,  which 
is  in  no  one  part  original  with  myself,  although  so  far  as  I  know 
the  full  analysis  as  I  give  it  has  never  been  recommended  by  any 
one  author.  The  determinations  made  are  those  which  b}'  com- 
parison of  many  authors  have  seemed  to  me  to  be  the  most  likely 
to  lead  to  correct  results  in  the  shortest  space  of  time. 

As  to  the  time  taken  in  the  analysis,  six  samples  of  milk  can 
easily  be  analyzed  in  a  day  with  the  use  of  only  three  evaporating 
dishes ;  six  tubes  for  the  cream  will,  of  course,  have  to  be  used. 
But  the  determination  of  the  cream  is  the  most  unsatisfactory  of 

*  Extracted  from  the  Proceedings  of  the  Twenty-Fourth  Annual  Meeting 
of  the  American  Pharmaceutical  Association,  September,  1876. 
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all  the  determinations  made,  and  no  dependence  can  be  placed  upon 
it,  a  watered  milk  frequently  showing  more  cream  than  the  same 
milk  not  watered.  If  the  analyst  wishes  to  make  use  of  his  work 
in  court,  it  will  be  necessa^  that  he  should  in  all  cases  be  prepared 
to  state  that  he  has  analyzed  six  or  eight  samples  of  pure  milk ; 
for  the  judges  seem,  as  a  general  rule,  to  be  possessed  with  the 
idea  that  unless  a  man  has  analyzed  samples  of  milk  known  to  be 
pure  he  can  form  no  opinion  in  regard  to  adulterated  milk. 

The  following  is  the  course  that  I  have  found  it  best  to  pursue; 
it  is  identical,  with  the  exception  of  the  sugar  determination,  with 
that  followed  by  Professor  Merrick  in  his  determinations  made  for 
the  city  of  Boston. 

In  the  first  place,  the  specific  gravity  is  carefully  determined, 
either  by  weighing  in  a  flask  graduated  to  hold  100  grams  of  water 
at  60°  F.,  or  by  employing  a  carefully  tested  hydrometer.  Then 
about  5  grams  of  the  milk  are  carefully  weighed  in  a  platinum  dish, 
and  the  weight  noted.  The  form  of  dish  I  have  found  best  for  this 
purpose  is  one  about  two  and  a  quarter  inches  in  diameter  by  about 
half  an  inch  deep ;  such  a  dish  should  not  cost  much  over  five  dol- 
lars, and  will  be  found  to  be  an  extremely  convenient  piece  of  ap- 
paratus. The  bottom  should  be  almost  perfectly  flat,  in  order  that 
the  milk  when  dried  shall  form  as  thin  a  la}7er  as  possible.  The 
dish  is  placed  upon  a  water-bath  heated  to  212°  F.,  and  allowed  to 
remain  there  about  an  hour  and  a  half;  at  the  end  of  this  time  it 
will  be  found  that  the  milk  has  become  dry,  and  has  separated  into 
two  layers, — a  thin  film  which  is  wrinkled  and  broken,  and  a  some- 
what thicker  film  which  presents  a  honeycomb  appearance,  and 
adheres  firmly  to  the  bottom  of  the  dish.  In  order  to  insure  the 
complete  drying  of  this  residue,  it  is  placed  in  an  air-bath  heated 
to  about  220°  F.  for  half  an  hour.  At  the  end  of  this  time  its 
weight  is  found  to  be  sensibly  constant ;  this  weight  is  noted.  The 
weight  of  the  dish  subtracted  from  the  weight  just  found  gives 
the  weight  of  the  total  solids  in  the  milk. 

The  weight  of  the  total  solids  divided  by  the  weight  of  the  milk 
taken,  and  multiplied  by  100  gives  the  percentage  of  total  solids. 
The  dish  is  then  filled  with  benzin,  allowed  to  stand,  best  under  a 
bell-glass,  for  half  an  hour,  the  benzin  poured  off,  care  being  taken 
that  none  of  the  upper  film  is  disturbed,  and  a  fresh  portion  of 
benzin  poured  on  this  is  allowed  to  stand  again  for  half  an  hour, 
and  poured  off  as  before.  The  dish  is  then  washed  out  with  a  little 
fresh  benzin,  and  placed  in  the  air-bath,  where  it  stays  about  half 


an  hour.  The  weight  has  now  become  constant,  and  it  is  again 
weighed.  This  weight,  deducting  the  weight  of  the  dish,  gives  the 
weight  of  the  solids  not  fat.  The  percentage  is  found  as  before. 
The  dish  is  now  ignited  at  a  low  red  heat  until  all  the  carbon  is 
burned  off,  and  weighed ;  this  weight  gives  the  weight  of  the  ash. 

These  determinations  are  all  that  are  really  necessary  to  deter- 
mine the  question  of  the  purity  of  the  milk.  The  sugar  is,  how- 
ever, generally  determined  in  my  analysis  more  as  a  check  upon 
the  other  determinations  than  as  an  item  on  which  to  determine 
the  purity  of  the  milk.  In  order  to  determine  the  amount  of  sugar 
25  cubic  centimetres  of  the  milk  are  diluted  with  about  twice  their 
volume  of  water,  a  few  drops  of  acetic  acid  added,  and  the  mix- 
ture gentry  warmed,  care  being  taken  to  avoid  too  great  a  degree 
of  heat.  It  is  allowed  to  cool  and  filtered,  and  the  filtrate  made 
up  with  water  to  500  c.c,  and  tested  with  a  standard  solution  of 
copper  tartrate,  made  by  dissolving  3.465  grams  of  copper  sulphate  in 
20  cubic  centimetres  of  water,  and  adding  this  to  a  solution  of  soclio- 
potassic  tartrate,  made  by  dissolving  17.5  grams  of  sodio-potassic 
tartrate  in  48  cubic  centimetres  of  sodic  hydrate  of  a  specific 
gravity  of  1.14.  The  solution  is  then  made  up  with  water  to  200 
c.c,  and  20  c.c.  of  this  taken  for  each  test.  The  test  is  made  by 
bringing  the  copper  solution  diluted  with  about  30  c.c.  of  water 
to  a  boil,  and  adding  the  whey  until  a  few  drops  of  the  solution, 
when  filtered  and  acidulated  with  acetic  acid,  cease  to  give  the 
well-known  brown  coloration  with  potassic  ferrocyanide.  The  20 
cubic  centimetres  of  copper  solution  employed  are  equal  to  .061 
gram  of  milk  sugar. 

In  order  to  find  out  how  much  sugar  the  25  cubic  centimetres  of 
milk  taken  contained,  we  have  the  following  formula : 

500  X. 067 
c.c.  of  whey  used. 

This  gives  the  weight  of  sugar  contained  in  twenty-five  centim- 
etres;  to  find  out  the  weight  contained  in  100  cubic  centimetres 
this  is  multiplied  by  four.  This  weight  divided  by  the  sp.  gr.  of 
the  milk  gives  the  per  cent,  of  sugar  in  the  milk. 

In  order  to  save  the  trouble  of  going  through  with  this  calcula- 
tion every  time,  I  have  constructed  a  table  giving  the  weight  of 
sugar  corresponding  to  each  100  cubic  centimetres  of  the  whey 
used. .  The  numbers  in  this  table  divided  by  the  sp.  gr.  of  the  milk 
give  directly  the  per  cent,  of  sugar  in  the  milk. 


Weight  of  Sugar  in  100  Cubic  Centimetres. 


C.C.  of  whey 
used. 

0. 

13.40 

l. 

2. 

3. 

4. 

5. 
8.92 

6. 

7. 

8. 

9. 

10 

12.17 

11.17 

10.30 

9.57 

8  38 

7.91 

7.44 

7.05 

20 

6.70 

6.39 

6.09 

5.83 

5.58 

5.36 

5.15 

4.96 

4.78 

4.62 

30 

4.46 

4.32 

4.19 

4.06 

3  94 

3.83 

3.72 

3.62 

3.53 

3  44 

40 

3.35 

3.27 

3.19 

3.11 

3.04 

2.98 

2.91 

2.85 

2.79 

2.74 

50 

2.68 

2.63 

2.58 

2.53 

2.48 

2.44 

2.39 

2.35 

2.31 

2.27 

60 

2.23 

2.19 

2.16 

2.13 

2.09 

2.06 

2.03 

2.00 

1.97 

1.94 

70 

1.91 

1.88 

1.86 

1.84 

1.81 

1.79 

1.76 

1.74 

1.72 

1.69 

80 

1.67 

1.65 

1.63 

1.61 

1.59 

1.57 

1.56 

1.54 

1.52 

1.51 

90 

1.49 

1.47 

1.46 

1.44 

1.43 

1.41 

1.39 

1.38 

1.37 

1.35 

100 

1.34 

1.32 

1.31 

1.30 

1.29 

1.2 

1.26 

1.25 

1.24 

1.23 

Suppose,  for  instance,  a  milk  of  1.03  sp.  gr.  yields  a  whey  of 
which  it  takes  30  cubic  centimetres  to  reduce  20  cubic  centimetres 
of  copper  solution,  then  f  ;A|  =  4.33  per  cent,  of  sugar  in  the  milk. 

100  cubic  centimetres  of  the  milk  are  set  for  cream  in  a  tube 
graduated  into  cubic  centimetres ;  the  volume  is  read  off  at  the 
end  of  twenty-four  hours. 

The  per  cent,  of  solids  not  fat  taken  from  the  per  cent,  of  total 
solids  gives  the  per  cent,  of  fat.  The  per  cent,  of  sugar  and  ash 
added  together  and  taken  from  the  per  cent,  of  solids  not  fat  gives 
the  per  cent,  of  casein  and  albumen. 

In  order  to  test  the  accuracy  of  this  method  of  analysis,  I  have 
made  a  number  of  duplicate  analyses  of  the  same  milk. 

The  following  was  made  on  the  28th  of  August,  1876.  The  milk 
was  drawn  on  the  evening  of  the  25th,  kept  on  ice  over  night,  and 
brought  to  me  next  morning  about  10  o'clock.  The  cow  was  full- 
blood  Alderney.  In  making  the  analysis  I  did  not  consider  the 
first  analysis  satisfactory  for  some  reason,  so  after  it  was  finished 
I  took  a  second  sample,  using  the  same  dish  as  I  had  in  the  first 
instance,  with  the  result  that  confirmed  my  first  analysis.  The 
whole  work  was  finished  by  6  o'clock,  a  duplicate  analysis  of 
another  sample  being  carried  on  simultaneously. 


Cream  per  cent,  by  volume, 
Specific  gravity, 


18. 
1.030 
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No.  1.  No.  2.  Average. 

Sugar, 4.19  4.19  4.19 

Casein  and  Albumen,       .         .         .       5.17  5.23  5.20 

Ash, 72  .72  .72 

Solids  not  fat, 10.08  10.14  10.11 

Fat, 4.35  4.35  4.35 

14.43  14.49  14.46 

A  second  sample  of  milk  supposed  to  be  adulterated  gave  the 
following  results : 

Cream  volume  per  cent.,  ......        6. 

Specific  gravity,        ........        1.021 

No.  1.  No.  2.  Average. 

Sugar, 3.45  3.45  3.45 

Casein, 2.78  2.79  2.785 

Ash, 48  .47  .475 

Solids  not  fat,  .         .         .         ...       6.71  6.71  6.71 

Fat, 2.31  2.31  2.31 

9.02  9.02  9.02 

In  this  case  the  determinations  were  made  in  duplicate  except 
the  sugar. 

In  the  interpretation  of  analyses,  instead  of  taking  the  average 
amount  of  solids  as  found  in  over  thirty  samples  of  pure  milk  from 
the  vicinity  of  Boston,  as  found  by  Professor  Babcock  and  myself, 
which  is  about  14.5,  I  have  taken  the  number  12.5  as  the  average 
amount  of  total  solids  found  in  pure  milk,  thus  giving  the  milkmen 
a  leeway  of  2  per  cent,  of  solids,  which  is  equivalent  to  13.8  per 
cent,  of  water  added  to  the  14.5  per  cent,  of  milk. 

In  order  to  find  the  amount  of  added  water,  supposing  the  sam- 
ple to  be  composed  of  pure  milk  containing  12.5  per  cent,  of  solids 
and  added  water,  we  have  taken  the  sample  last  quoted  : 

12.5     :     9.02     :     100.         12.16 
That  is,  the  sample  contains  72.16  parts  of  pure  milk  and  27.84 
parts  of  added  water. 

Some  prefer  to  take  the  solids  not  fat  as  the  standard,  and  say 
that  an  average  milk  should  contain  9.3  per  cent,  of  solids  not  fat. 
This,  again,  is  below  the  average  of  thirty-three  samples  of  pure 
milk  that  I  have  examined  ;  my  average  was  9.58.  However,  tak- 
ing it  as  before  and  making  the  proportion,  we  have 

9.30     :     6.71         100.         72.1 
or  the  milk  contains  72.1  parts  of  pure  milk  and  27.9  parts  of  added 
water,  or  almost  exactly  the  same  figures  as  before. 
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It  will  be  noticed  that,  in  determining  the  added  water,  I  have 
not  taken  into  the  account  the  sugar,  casein,  specific  gravity,  ash, 
or  cream.  All  these,  in  fact,  enter  into  the  account,  in  a  greater 
or  less  extent,  in  making  up  my  judgment  as  to  whether  the  milk 
is  watered,  and  I  would  not  be  willing  to  rely  upon  any  single  de- 
termination to  say  that  the  milk  was  watered. 

The  statement  of  the  amount  of  added  water  is  mainly  an  esti- 
mate to  show  the  court  how  far  below  what  is  considered  an  aver- 
age milk  of  fair  quality  the  sample  falls,  and  is  by  no  means  an 
absolute  statement  like  the  facts  of  the  analyses. 

To  show  the  variation  in  milk  I  annex  some  tables  made  out 
about  a  year  ago  for  a  report  to  the  American  Academy  on  this 
subject,  and  I  also  add  the  analysis  of  a  number  of  samples  of 
adulterated  milk,  with  the  added  water  calculated  from  the  amount 
of  total  solids  and  from  the  solids  not  fat.  These  samples  were 
seized  by  the  milk  inspector  of  Lynn,  Massachusetts,  and  con- 
victions were  secured  in  nearly  every  case. 

Pure  Milk. 


Samples. 

Number  of 
specimens. 

Solids. 

Not  fat. 

Casein. 

Ash. 

J.  F.  Babcock,  Boston,     . 

8 

14.55 

.88 

S.  P.  Sharpies,         " 

22 

14.49 

9.61 

4.13 

.66 

Vernois  &  Becquerel,  France, 

46 

14.24 

9.73 

4.86 

.65 

Goppelstoder,  Switzerland,  . 

60 

14.13 

H.  W.  Vaughan,  Khode  Isl'd, 

58 

14.08 

10.07 

4.99 

.75 

14.00 

9.75 

5.50 

.75 

Letheby,  England,  .... 

14.00 

10.10 

4.10 

.80 

Playfair,  Scotland,  .... 

9 

13.49 

8.61 

4.17 

.55 

Phipson,  England,  .... 

13.33 

8.46 

3.76 

Chevalier,  France,  .... 

2 

13.23 

10.31 

3.98 

.78 

Wanklin,  England,      .     .     . 

o 

13.12 

9.36 

4.56 

.72 

Cameron,  Ireland,  .... 

40 

13.00 

9.00 

4.10 

Chevalier  &  Henry,  France, 

12.98 

9.75 

4.48 

.60 

A.  Muller,  Sweden,      .     .     . 

12.85 

9.43 

3.42 

.72 

Boussingault,  France,       .     . 

9 

12.71 

8.80 

3.47 

.25 

12.70 

9.70 

4.82 

.49 

Chandler,  New  York, .     .     . 

1700  qts. 

12.55 

8.72 

3.88 

.76 

MacAdam,  England,    .     .     . 

66 

12.27 

9.69 

.71 

Voelcker,  England,      .     .     . 

22 

12.10 

9.15 

2.93 

.83 

Von  Baumhauer,  Holland,   . 

162 

11.30 

8.45 

.72 

The  limits  of  variation  observed  by  some  of  the  above  analysts 
were 


Total  solids. 

Solids  not  fat. 

Samples. 

Highest. 

Lowest. 

Highest. 

Lowest. 

Dr.  Voelcker,  .     .     . 
Dr.  MacAdam,    .     . 
Von  Baumhauer, . 
Vernois  &  Becquerel, 

14.00 
15.54 
13.23 
19.68 
16.96 
19.34 

9.30 
10.57 
10.18 
11.70 
12.85 
11.64 

9.88 
11.23 

8.93 
10.56 
11.14 
11.42 

7.51 
8.74 

8.08 
7.73 
8.79 
7.88 

It  has  been  urged  that,  since  we  meet  with  such  variations  in 
pure  milk,  it  will  be  impossible  to  judge  whether  a  milk  is  watered 
or  not.  To  show  that  this  does  not  necessarily  follow,  I  have  added 
to  the  table  of  adulterated  milk  two  samples  in  which  the  total 
solids  and  the  solids  not  fat  were  very  low,  and  if  we  were  to  rely 
upon  a  single  determination  in  either  of  these  cases  we  might  be 
led  astray ;  but  the  whole  analysis,  as  it  stands,  shows  that  the 
milk  in  each  case  was  not  adulterated,  or,  at  least,  they  are  both 
milks  that  no  careful  chemist  would  report  as  adulterated. 

Adulterated  Milk. 


a 

d 

bp 

a 
Q 

< 

-*3 

-    o 

as 

IS 

Added 
from 

Solids 
not  fat. 

water 
from 
Total 
solids. 

1.023 

7. 

3.36 

2.94 

.45 

6.75 

2.46 

9.21 

27.42 

26.32 

1.020 

6. 

3.37 

3.11 

.45 

6.93 

2.26 

9.19 

25.49 

26.47 

1.021 

7. 

3.00 

2.77 

.40 

6.17 

2.00 

8.17 

33.66 

34.64 

1.020 

5. 

2.86 

3.00 

.42 

6.28 

2.16 

8.44 

32.47 

32.48 

1.021 

6. 

3.45 

2.78 

.48 

6.71 

2.31 

9.02 

27.85 

27.84 

1.022 

4. 

3.74 

3.27 

.56 

7.57 

2.33 

9.90 

18.60 

20.80 

1.023 

5. 

3.36 

3.24 

.50 

7.10 

2.25 

9.35 

24.73 

25.20 

1.023 

8.5 

3.04 

3.64 

.43 

7.11 

2.16 

9.27 

23.60 

25.84 

1.026 

8. 

3.73 

3.40 

.48 

7.61 

2.53 

10.14 

18.17 

18.88 

1.028 

5. 

4.82 

3.54 

Purt 

.57 

Milk. 
8.93 

2.71 

11.64 

3.98 

6.88 

1.018 

5.4 

5.06 

2.21 

.61 

7.88 

11.46 

19.34 

15.27 

Nonfi. 

